Firstly, one differentiating factor in our study is that the candidate miRNAs were screened in a controlled animal model rather than in patients with acute kidney injury (AKI) to ensure the purity of the cause of disease and to avoid possible effects of comorbidities on the spectrum of urine miRNA. This ensured the presence of only the relevant candidate miRNA (that associated with I/R injury); and what's more, the alterative expression of miR-192-5p and miR-30c-5p in animal model, patients with AKI, and cell model was confirmed simultaneously, which is likely to be more convincing. Secondly, the candidate miRNAs were screened sequentially at regular time points, which covered the initiation, progression, and partial repair stages, thus ensuring that no significant miRNAs were omitted in the screening process, and miRbiomarkers in 2 h post operation showed preferable diagnostic performance.
Introduction
Acute kidney injury (AKI) is a clinical syndrome with high morbidity and mortality rates. The incidence rate of AKI has steadily been increasing in recent years. Its incidence varies under different clinical settings such as cardiac surgery, intensive care unit, community, etc. 1 Several studies have examined the short-term and long-term outcomes of patients with an episode of AKI. The results indicate that a sharp decline in renal function often leads to negative outcomes. Patients requiring renal replacement therapy have higher mortality rates and their condition may progress to chronic kidney disease (CKD). 2, 3 Nevertheless, AKI is a common clinical condition associated with a number of adverse outcomes. Early diagnosis of this condition could increase the possibility of earlier intervention and, thus, could improve prognosis of AKI patients. [4] [5] [6] [7] Serum creatinine (SCr) is a marker of renal function; however, kidney injury usually cannot be detected at an early stage because there may not be significant changes in the SCr levels. Much work has been done to search for earlier biomarkers for diagnosis of AKI. Several biomarkers such as neutrophil gelatinase-associated lipocalin (NGAL) and kidney injury molecule-1 (KIM-1) have been thought to provide earlier diagnosis or prognosis of AKI. [8] [9] [10] Urinary tissue inhibitor of metalloproteinases-2 (TIMP-2) and insulin-like growth factor-binding protein 7 (IGFBP7) were identified as indicators for AKI occurrence or renal recovery. [11] [12] [13] Unfortunately, increasing evidence indicates that reliable biomarkers sensitive to AKI and specific to etiology are limited and need to be further established.
miRNA was discovered in Caenorhabditis elegans in 1993. It is a 21-23-nucleotide noncoding RNA molecule that plays a negative role in regulating gene expression. 4, 14 Recently, accumulative evidence supports that miRNA is a favorable biomarker for detecting various diseases at an early stage. 15, 16 However, the expression profiles of these biomarkers varied in different cohorts. 4, [17] [18] [19] [20] [21] [22] It is a well-known fact that circulating miRNA is very sensitive as diagnostic marker, because it could be affected by the etiology and the underlying disease. Therefore, the aim of this study is to investigate whether miRNA can be used as an early indicator to detect I/R-induced kidney injury on the control of the confounding factors.
Methods and materials Ethics
The Ethics Committee for Animal Care and Use of Research Center for Experimental Medicine of Ruijin Hospital, Shanghai, China, approved the study techniques involving rats. The experimental procedures involving the samples of patients with AKI were approved by the Ruijin Hospital Ethics Committee, Shanghai Jiao Tong University School of Medicine. The written informed consent letter included the consent to publish from each participant in this study.
I/R rat model and sample collection
Eight-week-old male Sprague-Dawley rats weighing 180 to 200 g were purchased from the Animal Center of Shanghai Institutes for Biological Sciences, Chinese Academy of Sciences, Shanghai, China. A 45-min surgery involving bilateral I/R of renal pedicle vessel was performed according to a previously described procedure. 23, 24 The control animals underwent a sham surgery, wherein the other procedures were the same as in the I/R group.
The microarray analysis involved experiments using 42 rats, which were divided into two groups, the I/R group (21 rats) and the sham group (21 rats). Using metabolic cages, the urine of the rats was collected prior to the surgery at 0 h, and also following the surgery at 2, 6, 12, 24, 48, and 72 h. The urine did not pooled in microarray analysis. Because rats produce small volumes of urine, which would have limited urine RNA for quantitation in the I/R group, urine was also collected from another set of 15 rats for subsequent real-time polymerase chain reaction (PCR) validation. The urine was then pooled from a set of five rats, so that statistical analysis can be performed on three sets at every time point in real-time PCR experiments. The schematic diagram of urine collection (for microarray analysis and real-time PCR) has been shown in Figure S1 .
After urine collection, blood samples of 0.3 to 0.5 mL were collected from the hearts at each time point for the detection of SCr. Blood samples were also collected from the abdominal aorta of the rats under the effect of the isoflurane inhale anesthesia, following which the rats were sacrificed and the kidney cortex harvested. Anesthesia was administered prior to the surgery at 0 h and at 2, 6, 12, 24, 48, and 72 h following the surgery. Both urine and blood samples were centrifuged at 1500 Â g for 10 min at 4 C; then the supernatant was stored at -80 C. The kidney cortex was fixed in 10% neutral buffered formalin solution for histopathological staining.
Blood and urine samples of 71 patients who underwent cardiovascular surgery in the intensive care unit were collected to validate results from animal experiments. Urine samples were obtained prior to the surgery at 0 h and at 2, 6, 12, 24, 48, and 72 h following the surgery. Blood samples were obtained prior to the surgery at 0 h and at 6, 24, 48, and 72 h following surgery. The urine samples were obtained using a urinary catheter. The urine and blood samples were centrifuged at 1500 Â g for 10 min at 4 C and the supernatant was stored at -80 C.
Examination of renal function and classification of AKI stages in patients with AKI
The SCr levels of rats were detected using liquid chromatography-mass spectrometry (LC-MS/MS) (Agilent 1200 Liquid Chromatography System, Santa Clara, California, USA). 23 Firstly, 50 mL of rat serum sample and 5 mL of internal standard were prepared in each tube. Then, 200 mL of acetonitrile was added to each tube and vortex mixing and centrifugation of the suspension were performed. The supernatants were then transferred into sample vials and 5 mL of which was injected and introduced into the LC-MS/ MS system. Subsequently, the LC-MS/MS system was used for detecting the SCr levels as per the manufacturer's instruction.
The SCr levels of patients were detected in a picric acidbased colorimetric autoanalyzer (DxC 800 Autoanalyzer; Beckman Instruments, Germany) at 0, 6, 24, 48, and 72 h. The AKI stages were then defined and classified based on the SCr levels according to the 2012 guidelines of Kidney Disease: Improving Global Outcomes (KDIGO). 25 Glomerular filtration rate (GFR) was estimated using the equation of EPI (Epidemiology Collaboration-CKD), as reported in an earlier study. 26 The information about demographics, types of surgery, laboratory examination, and comorbidities was obtained from the electronic medical system. Urine concentration of NGAL (NGAL) and KIM-1 was measured by the enzyme-linked immune sorbent assay (ELISA) using the commercially available ELISA test kit (Westang, Shanghai, China) according to the manufacturer's instructions.
miRNA profiling
Rattus norvegicus GeneChip Õ miRNA 3.0 Array (Affymetrix, complete coverage of miRBase v17 containing 680 mature miRNA probe sets) was used for detecting the expression profile of miRNA in rat urine. 27 Total RNA was extracted from urine using miRNeasy Serum/Plasma Kit (Qiagen, Germany) according to the manufacturer's instructions. Subsequently, 350 ng of total RNA was used as input in labeling reaction, following which the labeled miRNA was hybridized onto the array for 16 h at 48 C and 60 r/min as described in the manufacturer's protocol. This was followed by washing, staining, and scanning of the genechip using the Hewlett-Packard GeneArray Scanner G3000-7. The expression data were generated using the Affymetrix Expression Console software and normalized by the MAS5 method. The candidate miRNA was chosen for subsequent validation according to the P value and fold change.
RNA extraction, reverse transcription, and real-time quantitative PCR
Total RNA was extracted from urine using the miRNeasy Serum/Plasma Kit (Qiagen) according to the manufacturer's instructions. 28 In all, 400 mL of urine was used to extract total RNA containing miRNAs. Then, 7 mL of C. elegans miR-39 miRNA mimic (1.6 Â 10 8 copies, Qiagen) was used for normalizing the extraction procedures right at the beginning. In addition, 30 mL of RNAase-free water was used for dissolving the precipitate.
To verify the expression profile of miRNA in rat urine, Taqman-based quantitative PCR was performed using the TaqMan MicroRNA Reverse Transcription Kit (Applied Biosystems, CA, USA) and TaqMan MicroRNA Assay (Assay ID for miR-30c-5p 000419/4427975, miR-192-5p 000491/4427975, and miR-378a-3p 002243/4427975, Applied Biosystems). 29 A fixed volume of 2 mL RNA sample (scaled-down reaction system) was used to perform the procedure of reverse transcription (RT) followed by continued PCR amplification at a three-time dilution of the RT production. In the following procedure, real-time PCR was performed using the Taqman PCR Kit (Applied Biosystems) and Applied Biosystems Õ ViiA TM 7 Real-Time PCR System (Applied Biosystems, CA, USA) as per the manufacturer's protocol. C. elegans miR-39 miRNA mimic, which was spiked at the beginning of the extraction, was used as a normalizer to determine the relative expression change in the 2 ÀÁCt method.
Histopathology
Hematoxylin-eosin staining was used to determine the degree of tissue damage. The kidney tissues of rats were fixed in 10% neutral buffered formalin solution for 24 h, which was then dehydrated in graded alcohol and finally embedded in paraffin. Subsequently, 4 mm sections were cut from these kidney tissues. Finally, they were stained with hematoxylin-eosin (Baso, Zhuhai, China). The tissue sections were then viewed and images captured with a spotcam digital camera (Carl Zeiss, Germany). The pathological damage was then assessed for three aspects: (1) degeneration, necrosis, and vacuolation (2) infiltration of inflammation, and (3) tubular atrophy; these aspects were scored according to the following criteria: no lesion, 0; lesions up to 25%, 1; more than 25% and less than 50%, 2; and more than 50%, three points. Two pathologists blinded to the experimental procedures assessed the slides independently. The sum of the scores given by the two pathologists was used as the final evaluation result for each slide.
Cell culture and hypoxia-reoxygenation cell model HK-2 (human kidney tubular epithelial cell, cortex/proximal tubule) was purchased from ATCC (CRL-2190) and cultured in Dulbecco's Modified Eagle Medium: Nutrient Mixture F-12 (DMEM/F-12; Gibco), with 10% fetal bovine serum (FBS), Gibco, in an incubator (thermo electron) with 5% CO 2 at 37 C. In the process of hypoxia, the cells suffered from a 24-h serum starvation (DMEM only, no FBS), following which it was cultured in a hypoxia incubator (1% O 2 , 5% CO 2 , and 94% N 2 , Thermo Electron) in a 60% to 80% confluent monolayer for 24 h. For reoxygenation, the medium was changed with fresh DMEM/F-12 containing 10% FBS, and the culture flask was moved to normoxia incubator.
Bioinformatics
The miRNA expression profile was screened as follows: a differential expression of miRNAs was obtained at 2, 6, 12, 24, 48, and 72 h using 0 h as the baseline; the expression of miRNA was detected in urine using Affymetrix TAC v1.0 software (CA, USA). One-way ANOVA (unpaired) between subjects was used to input the algorithm. A table containing miRNA as the first row name and the sample label as the column name was drawn; a fold change ratio and P value as value per miRNA per sample were used. Then, a value was set accordingly and recorded as 1 when the sample met the following criteria: upregulation or downregulation of miRNA > 2-fold change (linear) and ANOVA P < .05, otherwise recorded as 0. Furthermore, the total score of the value at each miRNA was counted. The miRNA was considered as a candidate when its total score is !3. In this study, a candidate miRNA means that it meets the criterion of upregulation or downregulation of miRNA > 2-fold change (linear) and ANOVA P < .05 for three or more time points.
Statistics
Continuous variables were described as mean AE standard error (SE) for normally distributed variables or median; the interquartile ranges were used for non-normally distributed variables. The normal distribution of the data was evaluated using the Kolmogorov-Smirnov test. Then, the categorical variables were summarized as frequencies with percentages, which were then compared by Pearson's 2 analysis or Fisher's exact test as appropriate. All tests were two-tailed, and the a-level was set as 0.05. SPSS Statistical Software (Version 13.0, SPSS, Inc.) was used to conduct the analysis. Finally, receiver operating characteristic (ROC) curve was generated using SPSS, and other graphs were generated using the Graphpad Prism Software (Graphpad Software Version 6.0c, CA, USA).
Results
Rats showed an evident kidney injury after the I/R surgery To investigate whether the I/R-induced AKI is associated with miRNA, an I/R-induced AKI animal model was established. The surgery induced an evident increase in the SCr levels. The results of this experiment indicate that the SCr levels increased in animals at 2 h after surgery; it peaked at 24 h and returned to baseline at 72 h as shown in Figure 1 . The SCr levels in the experimental group showed a significant increase at 2, 6, 12, 24, and 48 h compared with that in the sham group. This indicates that the animal model can successfully be established. The renal tubular-interstitial injury was confirmed by performing histopathological staining as shown in Figure 2 . The histopathological change was assessed according to the range and degree of the damage. Swelling of renal tubule, cellular degeneration, and necrosis were observed significantly at 12, 24, and 48 h. At 72 h, a slight tubular atrophy could be detected in the rodent model. During the post-operative period, a few inflammatory cells were infiltrated in the interstitial tubule as the extension of time.
Aberrant expression profiles of miRNA was detected in rat urine
To explore miRNA expression profile in urine, urinalysis of miRNA was performed using the microarray method. For the primary candidates, ANOVA test was used for screening. In all, 101 miRNAs met the criterion of P < 0.05 in three or more time points as shown in Figure 3 (a). Further screening was done using the criterion of miRNAs > 2-fold change upregulation or downregulation in three or more time points for which 125 miRNAs met the above criterion as shown in Figure S2 . In addition, 71 miRNAs that satisfied the aforementioned 2 requirements simultaneously have been presented in Table S1 . Most of the candidate miRNAs have a tendency to rise or fall after undergoing surgery and then gradually returning to the baseline. The top three (miR-192-5p, miR-378a-3p, and miR-30c-5p) miRNAs were selected by the sum of fold change of all time points for subsequent verification as shown in Figure  3 Candidate miRNAs were elevated in rat urine and earlier than KIM-1
In order to verify the plausibility of the performance of miR-192-5p, miR-378a-3p, and miR-30c-5p in the microarray data, TaqMan-based qPCR was performed that confirmed their expression levels in urine. Using the cel-miR-39 mimic as the normalizer and the sham group as the control, it was found that miR-192-5p was elevated at 2, 6, and 12 h significantly, and peaked at 2 h, after which it slipped to baseline at the following 24, 48, and 72-h time points. miR-378a-3p had an analogical shifting tendency. Compared with the first two, the expression of miR-30c-5p varied slightly; although it elevated at 2, 6, and 12 h, it peaked at 6 h and returned to baseline at 24 h (Figure 3(d) ). In addition, we examined the urine NGAL and KIM-1 in rat model. Compared with the control group, NGAL in rat urine elevated at 2 h post-surgery, and peaked at 12 h. KIM-1 peaked at 12 h and slipped down at following time points (Figure 3(e) ).
Candidate miRNAs were elevated in human urine and miR-30c-5p showed presentable diagnostic value
To explore the possibility of using miR-192-5p, miR-378a-3p, or miR-30c-5p as a sensitive and specific biomarker in I/R-induced AKI, urine samples were collected from patients who underwent cardiac operation. The clinical parameters are presented in Table 1 and Figure 4 . Different types of surgeries were performed on patients in two groups. The results indicated that compared with others, patients with cardiac valve surgery and on-pump tend to suffer more from AKI. Of 71 post-cardiac patients, 27 developed AKI according to the criterion proposed in KDIGO 2012. Of 27 patients with AKI, 21 were classified under stage 1; 4 under stage 2, and 2 under stage 3. Of 71 postcardiac patients, 30 underwent extracorporeal circulation (16 patients developed AKI and 14 patients with non-AKI). No patients received renal replacement therapy and no patients died during the in-hospital period. Results showed that eGFR of patients with AKI began to decrease at 6 h post operation; it reached its minimum level in 24 h and sprung back at 48 h after surgery.
Then, the expression levels of miR-192-5p, miR-378a-3p, and miR-30c-5p were examined in human urine. Using the cel-miR-39 mimic as the normalizer and the non-AKI group as the control, we found that miR-192-5p peaked at 2 h (P < .05); however, it slipped to baseline at the following 6, 12, 24, 48, and 72-h time points. miR-30c-5p had a similar changing tendency. However, the expression of miR-378a-3p varied slightly; it peaked at 2 h and returned to baseline at 6 h, and there was no statistically significant Results indicate that compared with the sham group, SCr showed significant statistical difference from 2 h to 48 h, and it returned to baseline at 72 h difference at any time points as shown in Figure 5 (a). We also analyzed the candidate miRNAs' expression at 2 h post operation in patients with different AKI stages ( Figure S3 ). We found that the miRNAs levels were higher in patients with AKI stage 1 than in non-AKI patients. Similar trend also existed in patients with AKI stage 2 and 3, although the difference was not significant due to limited sample size.
To investigate the diagnostic value of miRNA as biomarker, we examined the urine concentration of NGAL and KIM-1 in patients and compared the sensitivity and specificity between miRNA and protein-based biomarker (NGAL, KIM-1). The results suggested that NGAL and KIM-1 elevated at 2 h post-surgery (P < .05), and slipped down at 24 h ( Figure 5(b) ). Then the ROC curve of miR-30c-5p (2 h), miR-192-5p (2 h), NGAL (2 h), NGAL (6 h), KIM-1 (2 h), KIM-1 (6 h) was generated. Area under curve (AUC) of miR-30c-5p (2 hours) was 0.836 (P < .01), which is higher than NGAL at 2 h (0.830, P < .01). The detailed data are presented in Figure 5 (c) and (d).
Source of miR-30c-5p and miR-192-5p might be different
With a belief that miRNA in urine might be associated with plasma filtration or injured tubular epithelial cells, the serum concentration levels of miR-30c-5p, miR-192-5p, and miR-378a-3p in rat model were evaluated in this study. It was found that miR-192-5p was elevated in the serum at 2 h; it returned to baseline at 48 h as shown in Figure 6 (a). However, there was no visible difference in the levels of miR-30c-5p and miR-378a-3p (data not shown). To further clarify the sources of urinary miRNA, HK-2 cell line was used to build the hypoxia/reoxygenation (H/R) model. Elevated levels of miR-30c were evaluated after treating the cell with 1% O 2 and incubating for 24 h (Figure 6(b) ). miR-378a-3p did not show any significant differences in the H/R model (data not shown). Therefore, it was inferred that urine contains elevated miR-30c-5p owing to injured renal tubules. Furthermore, elevated urinary miR-192-5p levels were thought to be due to the rise in serum concentration levels. 
Discussion
In this screening study, the miRNA expression levels were determined within 72 h following surgery to observe the trend of time-dependent variation. The results of this study showed that the aberrant expression of miRNA in I/R animal model could be detected as early as 2 h post operation. This finding was further validated in patients with AKI to verify the possibility of clinical application, and results indicated that miR-30c-5p showed better performance than protein-based markers. In addition, the expression levels of miR-30c-5p and miR-192-5p in rat serum and cell model were also investigated, and it was found that the sources of miR-30c-5p and miR-192-5p are likely to be different.
Therefore, there are evidence suggesting that miRNA showed an abnormal expression profile in patients with a coexisting underlying disease. [30] [31] [32] Hence, one differentiating factor of this study is that the candidate miRNAs were screened in a controlled animal model rather than in patients with AKI to ensure the purity of the cause of disease and to avoid possible effects of comorbidities on the spectrum of urine miRNA. This ensured the presence of only the relevant candidate miRNA (that associated with I/R injury). Subsequently, the elevated level of miR-30c-5p and miR-192-5p 2 h after the operation was verified in clinical settings and be founded in agreement with the findings in the animal model, which could correct misguidance that caused by specie difference. Moreover, the expression levels of miR-192-5p and miR-30c-5p were also detected in the serum of rat model and cell model (H/R). Hence, the alterative expression of miR-192-5p and miR-30c-5p in animal model, patients with AKI, and cell model was confirmed simultaneously, which is likely to be more convincing.
SCr is widely accepted as overall index for kidney function but often failed for early detection of AKI. In current study, a statistically significant increase of miRNA (2 h post operation) is earlier than SCr (24 h post operation) in AKI patients (Figures 4 and 5) , indicating an evident benefit over SCr. Noninvasive urine-based markers have been proposed as early indicators for identifying AKI, including NGAL, Kim-1, L-FABP, TIMP2/IGFBP7 etc. 8, 12, 13 Of late, emerging evidence indicated that urine miRNA could act as novel and sensitive biomarker for detecting kidney injury, mainly because it is stable in body fluids and extremely sensitive to alteration of organism. Therefore, researchers carried out a lot of experiments in this field. Wang et al. 33 proved that miR-10a and miR-30d were elevated in patients with focal segmental glomerular sclerosis compared to normal volunteers. Saikumar et al. 22 found that miR-21 and miR-155 might serve as translational biomarkers potentially for AKI detection. In a pilot study 34 that involved post-cardiac surgery patients, urine miR-21 could predict AKI outcome and they were associated with higher risk of AKI progression. Another study 21 identified miR-21, miR-200c, miR-423, and miR-4640 might be sensitive to predict for kidney injury. Our study found that miRNA biomarkers showed preferable performance in diagnosing IR-AKI compared with NGAL and Kim-1. However, our study did not confirm any association between urine miRNAs and clinical outcomes. It might be due to the short follow-up period of our cohort.
Act as a negative regulator of gene expression, modulating the translational efficiency and/or the stability of target messenger RNAs, miRNAs is involved in a wide range of biological processes including normal development of organism, pathogenesis, and progression of disease. [35] [36] [37] As reported previously, 38 miR-30c directs target ADAM19 to inhibit colon cancer, which may serve as a promising therapeutic strategy in the treatment of colon cancer. Zhou et al. 39 also indicated that miR-30c acts as a tumor negative suppressor by regulating endometrial cancer cells targeting MTA1. In addition, there is evidence suggesting that miR-30-5p function as a novel therapeutic tool for targeting the oncogenic Wnt/b-catenin/BCL9 pathway. 40 From these studies, it might be presumed that miR-30c is an inhibitor of cell proliferation or an accelerator of cell death. Hence, it may play a key role during the pathophysiological process of kidney injury or repair. Taken into account the elevation of miRNAs in the current study is remarkable, the literature from Jeon et al. 41 seems to be able to explain the phenomenon partially. They found that miR-30c activated by NF-kB pathway could reduce the tumor growth by modulating tumor suppressor genes. Therefore, the important signaling pathways were involved in pathophysiological process of AKI frequently, 42 so it is reasonable about the fact that expression level of miRNA make a difference in the AKI model.
The definition and classification of AKI remain controversial, especially for AKI stage 1, because the slight fluctuation of SCr could be caused by some other factor such as state of hydration. Thus, a transient SCr increase (returning to no AKI within 72 h) was observed and analyzed separately in Vanmassenhove's study 43 ; and in another study only stage 2 and 3 (based on AKI) was classified to AKI 12 , mainly due to the fact that the diagnosis of AKI needs a strong evidence of kidney injury. Our data ( Figure 4 ) showed that SCr concentration at 72 h after surgery in the AKI group persistently elevated significantly compared to non-AKI patients, which means the diagnosis of patients with AKI in current study is credible. In addition, all patients received sufficient fluid infusion during operation (more than 1000 ml within 4 h) and most of them had normal urine output (>2000 ml/24 h) after surgery. Thus, we believe hydration status is unlikely occurred in patients included in this study.
Previous studies indicate that miR-192 is involved in liver damage such as ischemia/reperfusion-induced and drug-induced damage. [44] [45] [46] [47] [48] [49] Then we reviewed liver damage index of subjects in our cohort. There is no damage of baseline liver function, and no statistical significance of hepatic enzymatic indices after they underwent cardiac surgery between the groups of AKI and non-AKI patients (data not shown). So we thought rise of miRNA in the current population is independent of the effect of liver damage. Given these evidence, we could presume that miR-192-5p is associated with AKI credibly. However, the source of urinary miR-192 remains unclear.
As the next step, the intent of this study is to further elucidate the effects of intervention of miR-30c-5p and miR-192-5p on the I/R and H/R model to confirm their sources and functional roles. This study also has several limitations to be considered. Firstly, the evaluations performed in this study are of fairly short-time points post-surgery. Hence, a relationship between the elevated miRNA and a long-term renal recovery is not established. Secondly, the applicability of miRNAs as a diagnostic marker in other types of kidney injury such as contrast-induced kidney injury and nephrotoxic kidney injury should be validated.
In summary, this study provides a dynamic profiling of urinary miRNA within 72 h post-surgery in I/R-induced AKI in both a rodent model as well as in humans with AKI. The levels of miR-30c-5p, miR-378a-3p, and miR-192-5p in urine of rats and patients with AKI were quantitatively evaluated. Both miR-30c-5p and miR-192-5p show potential to serve as diagnostic markers for I/R-induced AKI; however, more studies are necessary to further validate its diagnostic value for the detection of kidney injury.
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